Mice lacking the TBP-related factor 2 (TRF2) gene, which is highly expressed in the testis, have a severe defect in spermiogenesis. Here we show that the expression of TRF2 is both cell type-and stage-speci®c. TRF2 expression was ®rst detected in the late pachytene spermatocytes at stage VIII and increased throughout the subsequent stages. After meiotic divisions, the TRF2 expression declined continuously in round spermatids during progression from stage I to stage V. This observation is consistent with an essential regulatory role of TRF2 in male germ cell differentiation during spermatogenesis. q 2001 Elsevier Science Ireland Ltd. All rights reserved.
Results and discussion
The TATA binding protein (TBP) was traditionally considered a universal component of the general transcription machineries. A TBP-related factor (TRF2), recently identi®ed in many metazoans, may substitute for TBP in mediating the transcription of selective genes in a tissuespeci®c manner (reviewed by Dantonel et al., 1999) . In both human and mouse, high-level expression of TRF2 was detected in the testis (Ohbayashi et al., 1999; Teichmann et al., 1999) . By a gene targeting approach, we recently demonstrated that mice lacking the TRF2 gene are male sterile as a result of a severe de®ciency in spermiogenesis (Zhang et al., 2001 ). This indicates that TRF2 plays a critical role in testis function.
To further explore its function, it is essential to determine the cellular and temporal TRF2 expression pro®le in the testis. The testis contains developing spermatogenic cells that form de®ned cell±cell associations recognized as speci®c stages of the seminiferous cycle, as well as somatic cells that support germ cell differentiation. A Northern blot analysis of the total RNA isolated from the staged segments of seminiferous tubules revealed two distinct TRF2 transcripts: a prominent 1.5 kb and a much less abundant 3.4 kb transcript (Fig. 1) . The steady-state levels of the 1.5 kb transcript were higher at stages II±V and IX±I (Fig.   1 , lanes 1 and 3, respectively) than at stages VI±VIII ( transcript was distinct, with the highest level present at stages VI±VIII. These data demonstrate that the TRF2 is expressed in a stage-dependent manner. We next utilized in situ RNA hybridization to directly visualize those cells expressing TRF2. Under low-magni®-cation dark-®eld illumination, a strong hybridization signal (white grains) was detected with the antisense probe ( Fig.  2A) but not with the sense probe (Fig. 2B) . The intensity of the TRF2 hybridization signal varied substantially among different seminiferous tubules ( Fig. 2A) , indicating stage speci®city for the TRF2 expression. Under high-magni®ca-tion bright-®eld illumination, it was observed that high-level TRF2 expression was con®ned to either spermatocytes or round spermatids, depending on the stage of the tubules.
Scattered autoradiographic grains were ®rst detected on pachytene spermatocytes at stage VIII (Fig. 2F) . The hybridization signals increased through the following stages (Fig.  2G) and the strongest signals were detected concomitantly with the appearance of meiotic ®gures and secondary spermatocytes of stage XII (Fig. 2H) . The levels of TRF2 mRNA then declined continuously from newly formed step 1 spermatids (stage I) through those in stage V (Fig.  2C,D) .
We also investigated the TRF2 expression during the course of pubertal testis development. The TRF2 expression was very low up to day 14 after birth, a time when the most mature germ cells are primary spermatocytes in the early pachytene stage of meiosis (Fig. 3, lanes 1±4 ). However, there was an abrupt increase in the expression of the 1.5 kb TRF2 transcript starting at 18 days postpartum, when the spermatocytes have matured to the late pachytene stages (Fig. 3, lane 5 ). This onset of TRF2 expression is consistent with the results of the in situ hybridization analysis of the adult testis RNA.
Our recent gene targeting study revealed that post-meiotic cells, but not pre-meiotic cells, are abnormal in the TRF2-de®cient mice (Zhang et al., 2001) . The differentiation of round spermatids is interrupted progressively during spermiogenesis and the elongated spermatids and spermatozoa are completely missing. The temporal and spatial expression of the TRF2 reported in the present study correlates well with the genetically de®ned role of TRF2 in male germ cell differentiation, and further documents the germ cell-speci®c function of TRF2.
Materials and methods
Adult mouse seminiferous tubules were dissected and segregated, according to speci®c transillumination patterns 3 . Northern blot analysis of TRF2 expression during juvenile testes development in mice. Total RNA (5 mg) isolated from juvenile testes at the indicated days postpartum were electrophoresed on a formaldehyde/agarose gel, transferred to a nitrocellulose membrane, and probed with a TRF2-speci®c probe (upper panel). Mouse GAPDH was used as a control to con®rm the integrity of the mRNA samples (bottom panels). under a stereomicroscope, into different segments (Parvinen and Vanha-Perttula, 1972) . Procedures for tissue preparation and in situ hybridization were essentially as described (Tomihara-Newberger et al., 1998) . The TRF2 probe used in the experiments corresponds to the entire coding sequence of mouse TRF2 gene (Ohbayashi et al., 1999) .
